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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention is related to compensating for electrostatic 

discharge (ESD) accumulated at external pads. 

Background Art 

[0002] Chips are coupled to other chips via external pads. The external pads 

develop ESD over time. If this ESD current flows into the chip, one or more 
devices within the chip can be damaged. In particular, n-type transistors (e.g., 
n-type metal oxide silicon (NMOS) field effect transistors) are typically more 
susceptible than other devices to being damaged if they are directly connected 
to the pad. 

[0003] Therefore, what is needed is a system and method that protects devices 

on a chip from being damaged by ESD current flowing into the chip from an 
extemal pad. 

BRIEF SUMMARY OF THE INVENTION 

[0004] Embodiments of the present invention provide a method and system 

including a circuit, an electrostatic discharge (ESD) protection system, and a 
pad. The ESD protection system substantially prevents ESD from damaging 
the intemal devices (e.g., n-type or NMOS transistors) in the circuit. 

[0005] Further embodiments, features, and advantages of the present 

inventions, as well as the structure and operation of the various embodiments 
of the present invention, are described in detail below with reference to the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0006] The accompanying drawings, which are incorporated herein and form a 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to 
enable a person skilled in the pertinent art to make and use the invention. 

[0007] FIG. 1 is a schematic diagram of a portion of chip having a circuit 

coupled to an external pad. 

[0008] FIG. 2 is a block diagram of a system having an ESD protection 

system between a circuit and an extemal pad according to embodiments of the 
present invention. 

[0009] FIG. 3 shows an exemplary circuit element coupled to the ESD 

protection system in FIG. 2 according to embodiments of the present 
invention. 

[0010] FIGS. 4 and 5 show various circuit elements and elements in the ESD 

protection system in FIG. 2 according to various embodiments of the present 
invention. 

[0011] The present invention will now be described with reference to the 

accompanying drawings. In the drawings, like reference numbers may 
indicate identical or functionally similar elements. Additionally, the left-most 
digit(s) of a reference number may identify the drawing in which the reference 
number first appears. 
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DET AILED DESCRIPTION OF THE INVENTION 

Overview 

[0012] While specific configurations and arrangements are discussed, it 

should be understood that this is done for illustrative purposes only. A person 
skilled in the pertinent art will recognize that other configurations and 
arrangements can be used without departing from the spirit and scope of the 
present invention. It will be apparent to a person skilled in the pertinent art 
that this invention can also be employed in a variety of other applications. 

[0013] FIG. 1 is a schematic diagram of a portion of a circuit 100 in a chip 

101 coupled to an extemal pad 102. The portion of circuit 100 includes a first 
device 104 (e.g., a PMOS transistor Ml) in series connection with a second 
device 106 (e.g., an NMOS transistor M2). A drain of M2 106 is coupled to a 
drain and gate of Ml 104 at node A. Extemal pad 102 is also coupled to node 
A. 

[0014] Therefore, M2 106 needs to meet ESD requirements. For example, a 

minimum drain-contact-to-gate distance of M2 106 may be required as part of 
a layout design rule. If M2 106 is already required to be a relatively large 
device because of operating parameter, cost of the chip can be increased 
because of a significantly large silicon area being required for M2 106, 
Merely as an example, if an operational requirement required M2 106 to be 
200 jxm X 8 |4,m, adding the ESD requirement can increase M2 106 size to 400 
|j.m X 8 |4m or higher. 

[0015] Embodiments of the present invention provide a system and method of 

relieving a ESD requirements on devices in circuits of chips that are 
susceptible to being damaged from ESD on an extemal pad. For example, one 
of the devices can be NMOS transistors having drains (or sources) connected 
to the extemal pad(s) and no (or significantly small) current flows from their 
drains (or sources) to the corresponding pad(s). In order to protect such a 
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device, an ESD protecting system is coupled between the NMOS device and 
the pad. 

ESD Protection Systems 

[0016] Circuit devices, such as resistors, related to an EDS protection system 

are not shown in FIGS. 2-5 for simplicity, although they are usually included 
in the actual circuit if a transistor gate is connected to an extemal pad. 

[0017] FIGS. 2-3 are block diagrams showing a system 200 according to 

embodiments of the present invention. System 200 includes a chip 202 
coupled to an extemal pad 204. Chip 202 can have an ESD protection system 
206 (e.g., a resistor, a transistor, a circuit, or the like) coupled between a 
circuit 208 and pad 204. Circuit 202 can have at least an n-type transistor M3 
300 (e.g., an NMOS transistor) coupled to pad 204 at its drain (or source) via 
ESD protection system 206. In this embodiment, ESD protection system 206 
isolates M3 300 from pad 204, substantially preventing all flow of ESD 
current from pad 204 to M3 300 to protect M3 300 from being damaged. This 
substantially relaxes ESD requirements on M3 300, saving both silicon space 
and money compared to Ml 106 in FIG. 1. 

[0018] FIG. 4 is a schematic diagram of system 200 according to an 

embodiment of the present invention. Circuit 208' includes M3 300 coupled 
in series with a p-type transistor M4 400 (e.g., a PMOS transistor), whose 
drains are coupled to a node A. ESD protection system 206' includes a PMOS 
transistor M5 402 with its gate coupled to ground and which is coupled 
between node A and a node B. Pad 204 and a gate of M4 400 are also coupled 
to node B. 

[0019] In this configuration, M5 402 isolates the drain of M3 300 from pad 

204 to substantially prevent any ESD current at pad 204 from directly flowing 
into the drain of M3 300. A size of M3 300 added to a size of M5 402 is 
substantially less than a size of M2 106, as shown by the example below. This 
is at least partially because PMOS devices are less susceptible to ESD, so they 
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do not need a larger size to prevent damage. Also, M5 402 does not need to 
meet any operational specifications, so it can be only large enough to protect 
M3 300 fi-om ESD. 

[0020] FIG. 5 is a schematic diagram of system 200 according to an 

embodiment of the present invention. A main difference between FIGS. 4 and 
5 is that ESD protection system 206" includes an NMOS transistor M6 500 
with its gate coupled to a power supply (not shown), which replaces M5 402 
in ESD protection system 206'. In this configuration, M6 500 isolates the 
drain of MS 300 from pad 204 to substantially prevent any ESD current at pad 
204 from directly flowing into the drain of M3 300. A size of M3 300 added 
to a size of M5 500 is substantially less than a size of M2 106, as shown by the 
example below. This is because M6 500 does not need to meet any 
operational specifications, so it can be only large enough to protect itself and 
M3 300 from ESD. 

[0021] In one exemplary embodiment, operational requirements may specify 

M3 300 be 200 |Lim x 8 |j,m, as discussed above. ESD requirements may 
specify M5 402 (or M6 500) be 2 |im x 2 ^im or M6 500 be 4 ^im x 2 |xm. 
Thus, even if an area of M3 300 and M5 402 or M3 300 and M6 500 were 
combined, the combined silicon area would be much less than the required 
silicon area of 400 |Lim x 8 ^im (or higher, as discussed above) for M2 106 
when having to comply with both operational and ESD requirements. 
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Conclusion 

[0022] While various embodiments of the present invention have been 

described above, it should be understood that they have been presented by way 
of example only, and not limitation. It will be apparent to persons skilled in 
the relevant art that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. Thus, the breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
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